This study was conducted on 72 American Society of Anesthesiologists class 1 patients scheduled for extraction of a mandibular third molar after inferior alveolar nerve block. Each patient was randomly administered one of the following ropivacaine concentrations: 0.75%, 0.5%, 0.375%, or 0.25% (18 patients per group). Onset of block (mean Ϯ SD) was rapid for both 0.75% (1.4 Ϯ 0.4 minutes) and 0.5% (1.7 Ϯ 0.5 minutes) ropivacaine but significantly slower for the 0.375% (4.2 Ϯ 2.5 minutes) and 0.25% (10.7 Ϯ 3.0 minutes) concentrations. Tooth extraction was performed successfully with the 0.5% and 0.75% concentrations, and supplemental injections were not required. Second injections, however, were required with 0.375% ropivacaine. Anesthesia was unsuccessful in 13 patients given 0.25% ropivacaine even after 3 injections. The mean durations of soft tissue anesthesia were 3.3 Ϯ 0.3 hours and 3.0 Ϯ 0.3 hours for the 0.75% and 0.5% concentrations, but significantly shorter with more dilute concentrations. The duration of analgesia showed a similar pattern, with the 0.75% and 0.5% concentrations producing prolonged analgesia of 6.0 Ϯ 0.4 hours and 5.6 Ϯ 0.4 hours. These results indicate that 0.5% and 0.75% concentrations were effective for intraoral nerve blockade, with both a rapid onset and prolonged duration of pain control.
R
opivacaine is a long-acting aminoamide local anesthetic structurally related to bupivacaine and mepivacaine. 1 Its clinical profile is similar to that of bupivacaine but with fewer cardiac and central nervous system adverse effects. 2 Various controlled clinical studies have demonstrated that ropivacaine is a suitable choice for peripheral nerve block. 3, 4 Axillary brachial plexus block with ropivacaine provides adequate anesthesia for hand surgery 3 ; interscalene brachial plexus block with ropivacaine produces rapid onset of anesthesia and prolonged postoperative analgesia nearly twofold longer than with mepivacaine. 5 Limited data are available concerning the use of ropivacaine in dental practice. It has been demonstrated that ropivacaine is equivalent in potency and efficacy to bupivacaine (both with 1 : 200,000 epinephrine) for maxillary anterior filtration. 6 Although ropivacaine was not as effective as lidocaine with epinephrine in obtaining pulpal anesthesia after intraligamentary injection, adverse effects were minor and reversible. 7 Two recent experimental trials indicate that ropivacaine may be suitable for intraoral nerve block anesthesia. 8, 9 This study was designed to determine an effective ropivacaine concentration that can be used in clinical dental practice for nerve blockade.
METHODS
After obtaining approval from the ethical committee of Tanta University and written informed consent of the participants, the study was conducted on 72 American Society of Anesthesiologists class 1 patients who required extraction of a mandibular third molar with inferior alveolar nerve blockade. No clinical or radiological 1  No pain throughout procedure  2  Some discomfort during procedure, but  reinjection not necessary  3 Pain during procedure after first injection, but no pain after second injection 4 Some discomfort after second injection, but reinjection not necessary 5
Pain during procedure after first and second injections, but no pain after third injection 6 Some discomfort after third injection, but procedure completed 7
Inadequate anesthesia after third injection, and precedure postponed evidence of infection or inflammation was permitted around the proposed surgical site. Also, patients could have no history of acute periodontal disease, trauma, or sensitivity. Patients received no analgesic drugs before the surgical procedure.
The anesthetic solutions were prepared by filling standard 1.8-mL local anesthetic cartridges with various concentrations of ropivacaine hydrochloride (Naropin, AstraZeneca Egypt, Cairo, Egypt) prepared by dilution of the 0.75% concentration with isotonic sodium chloride solution. Concentrations of 0.5%, 0.375%, and 0.25% were also used. Patients were randomly allocated to receive one of these concentrations by a standard inferior alveolar-lingual nerve block (with buccal infiltration).
The onset of mandibular anesthesia was assessed by asking the patient if altered sensation in the lower lip was present. An electric pulp tester (Analytic Technology, Redmond, Wash) was used to evaluate the depth of anesthesia. The experimental tooth and the contralateral mandibular canine (control tooth) were isolated with cotton rolls and dried with gauze. Toothpaste was applied to the probe tip that was placed midway between the gingival margin and the incisal edge of the tested tooth. By adjusting the rate control wheel to 1, the current was set to increase from no output (0) to the maximum output (80) over a 25-second period. No response from the patient to the maximum output of the pulp tester on 2 consecutive readings was used to indicate anesthesia.
The quality of anesthesia during extraction was rated on a 7-point scale (Table 1) . If adequate surgical anesthesia was not obtained, a second cartridge of test anesthetic solution was given; a third test cartridge was administered if the anesthesia was still incomplete. Patients not adequately anesthetized with the third cartridge were reappointed at a later time for extraction with a standard local anesthetic.
The duration of anesthesia was determined by the time at which numbness was completely gone from the lower lip. The duration of analgesia was determined by the time when pain began at the mandibular extraction site.
Analysis of the data was performed with the Statistical Package for the Social Sciences. The Kruskal-Wallis test was used to detect the effect of each concentration, and post hoc testing was used to compare groups together. P values of Յ.05 and Յ.001 were used to indicate significant and highly significant differences, respectively.
RESULTS
Demographic details of the patients in the 4 groups are summarized in Table 2 . The onset of anesthesia was rapid for both the 0.5% and 0.75% concentrations (Figure 1 ). There was a marginal statistical difference (P ϭ .04) between the 2 concentrations, with the higher concentration slightly faster in onset (1.4 Ϯ 0.4 minutes vs 1.7 Ϯ 0.5 minutes). The 0.375% and 0.25% concentrations were much slower in onset (4.2 Ϯ 2.5 minutes and 10.7 Ϯ 3.0 minutes), and these differences were highly significant (P Ͻ .001) with respect to the higher concentrations and between each other. The quality of anesthesia ( Figure 2 ) revealed adequate (ratings 1 or 2) and similar (P ϭ .20) surgical anesthesia with the 0.75% and 0.5% concentrations. Each tooth extraction was performed successfully, and there was no need for supplemental injections of local anesthetic intraoperatively. On the other hand, all patients in the 0.375% group required a second injection for adequate pain control. Individual quality of anesthesia ratings ranged from 3 to 5. There were highly significant differences (P Ͻ .001) between 0.375% ropivacaine and both higher concentrations and the 0.25% concentration, the last of which yielded quality ratings of 6 or 7, uniformly required a supplemental third injection and even then was unsuccessful in providing adequate pain control in 72% of patients.
The duration of anesthesia is presented in Figure 3 . There was a statistically (if not clinically) significant difference between the 0.75% concentration (3.3 Ϯ 0.3 hours) and the 0.5% concentration (3.0 Ϯ 0.3 hours, P ϭ .006). Highly significant differences were recorded with both of these concentrations in comparison with the more dilute concentrations, which yielded mean durations of 2.3 Ϯ 0.3 hours and 1.4 Ϯ 0.4 hours for the 3.75% and 0.25% concentrations. The duration of analgesia (Figure 4) for the 0.25% concentration was essentially the same (1.5 Ϯ 0.5 hours) as the duration of anesthesia; it was about 50% longer for the 0.375% concentration (3.5 Ϯ 0.6 hours) and approximately 85% longer for the 0.5% (5.6 Ϯ 0.4 hours) and 0.75% (6.0 Ϯ 0.4) concentrations.
DISCUSSION
The speed with which neural block begins is proportional to the concentration of the local anesthetic solu-tion. 10 This study demonstrated that the onset of anesthesia was rapid for 0.75% and 0.50% ropivacaine, ranging from 1 to 2.2 minutes. Similar onset times (1 to 3.2 minutes) were recorded with 0.5% ropivacaine injected supraperiosteally for maxillary anesthesia. 6 Some investigators 5, 11, 12 have confirmed that increasing the concentration of ropivacaine reduces the onset time of peripheral nerve block, presumably because more local anesthetic molecules are available to penetrate the nerve per unit time. Akerman and associates 1 attributed ropivacaine's tendency toward a more rapid onset of action in comparison with bupivacaine to its weaker binding to extraneural fat and tissues and to its greater availability for transfer to the site of action in the nerve. Conversely, the long duration of action of ropivacaine may be related partially to its vasoactivity, as a broad range of ropivacaine concentrations can cause vasoconstriction. 1 The anesthetic potency of a local anesthetic depends, at least in part, on its physicochemical properties, which include the drug's lipid solubility expressed in terms of a lipid-water partition coefficient. As the partition coefficient increases, there is greater lipid solubility and higher local anesthetic potency. Among the injectable amides, unncharged ropivacaine is second only to uncharged bupivacaine in lipid solubility. 13 Both the 0.75% and 0.5% concentrations produced adequate surgical anesthesia in this study. Tooth extraction was performed successfully, and no patient required supplemental injections of local anesthetic intraoperatively. Lower concentrations could not reliably produce adequate surgical anesthesia.
It has been reported that ropivacaine provides a concentration-dependent separation of sensory and motor effects. 13 Several studies have found that sensory blockade is obtained with lower concentrations. 14, 15 Lower concentrations of ropivacaine may also have a selective analgesic effect because clinically they block thin A␦ and C nerve fibers more readily than large A␤ fibers. 15 Although ropivacaine at low concentrations may be suitable for providing postoperative analgesia, as shown for outpatient hernia surgery performed under spinal anesthesia, 4 higher concentrations are required for effective surgical anesthesia. 1, 16, 17 The high concentrations used in this study provided both surgical anesthesia and postoperative analgesia, with pain relief significantly outlasting soft tissue numbness.
In conclusion, ropivacaine at concentrations of 0.5% and 0.75% was an effective local anesthetic for inferior nerve block, providing a rapid onset and prolonged duration. It may be a suitable local anesthetic without vasoconstrictor for nerve block anesthesia in dental practice.
